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Preliminary Characterization of the Protein Interaction of the Ras-
Related Protein RHEB and Tuberous Sclerosis 2 (TSC2)
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The Tuberous sclerosis complex (1 and 2) has been implicated in benign tumor-
igenesis in humans. TSC2 is the GTPase activating protein toward the Rheb,
and a number of mutations that are localized to the GTPase-binding domain
of TSC2 have been found in patients with tuberous sclerosis. This suggests
that altered interactions involving TSC2 with Rheb may signal activity leading
to the disease-state. As such, understanding the details of TSC2’s interaction
with Rheb is extremely important for future therapeutic approaches to be devel-
oped targeted at inhibiting abnormal RHEB signaling activity. Moreover, a
major challenge still facing the biomedical community is the limited availabil-
ity of therapeutic strategies to tackle this disease. As such, understanding the
details of TSC2’s interaction with Rheb is critical for future therapeutic ap-
proaches to be developed targeted at inhibiting over-active Rheb signaling
activity. Our central hypothesis is that there are unique molecular features of
the RHEB-TSC2 protein interaction that can be exploited, once known, to un-
derscore these proteins’ roles in abnormal biochemical cell signaling leading to
tuberous sclerosis. To this end, we have characterized the Ras-related RHEB
complexed to a truncated Tuberous sclerosis complex 2 (TSC2) wild type
construct, TSC2-218, and a single-point mutant of TSC2-218 using various bio-
physical and biochemical techniques. The characterization studies presented
highlight the potential importance of subsequent efforts to provide a detailed
characterization of the molecular features of the TSC2-218-RHEB protein-
protein interface.
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Today, comprehension of supersaturated phenomena in protein solution is
one of the most important issue. For example, elucidation of amyloid fibril
formation process which is known as a main causative agent causing Alz-
heimer disease[1] or bio-mineralization process of CaCO[2]. In a recent study,
molecular dynamics simulation (MD) for crystallization process of CaCO3
was conducted by A.F. Wallace et al[3]. They simulated that the supersatu-
rated solution has a local metastable state as a microscopic ion cluster
(we called nano supersaturated network). On the other hand, until now, an
experimental detection system for the nano supersaturated network has not
been established so far.
In our study, we utilized Diffracted X-ray Tracking (DXT) as a high time res-
olution (25ms) and high positional accuracy (-pm) detection system for the time
resolved dynamical interactions between a single gold nanocrystal(-80nm) and
localized prenucleation clusters as a nano supersaturated network at SPring-
8(BL40XU). For the target samples, we choose two samples that are the sodium
acetate trihydrate and lysozyme supersaturated solution as an inorganic and
protein solution system, respectively. From DXT result, we succeeded in
observing the localized high and low speed motions of gold nanocrystals inter-
acted with nano supersaturated protein’s networks. At this presentation, I
explain the DXT method and obtained physical parameters of nano supersatu-
rated networks in inorganic and protein supersaturated solution system from
DXT analysis. In finally, I present a comprehensive model of nano supersatu-
rated networks.
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Hepatic glucose phosphorylation by glucokinase (GK) is regulated by glucoki-
nase regulatory protein (GKRP). GKRP forms a cytosolic complex with GK
followed by nuclear import and storage, leading to inhibition of GK activity.This process is initiated by low glucose but reversed nutritionally by high
glucose and fructose or pharmacologically by GK activators (GKAs) and
GKRP inhibitors (GKRPIs). To study regulation of this process by glucose,
fructose-phosphate esters and a GKA, we measured tryptophan fluorescence
(TF) of human wild-type (WT) and GKRP-P446L (a mutation associated
with high serum triglyceride) in the presence of non-fluorescent GK with its
tryptophans mutated. Titration of GKRP-WT by GK resulted in a sigmoidal in-
crease in TF, suggesting cooperative protein-protein interactions (PPIs)
perhaps due to the hysteretic nature of GK. GK affinity for GKRP was
decreased and binding cooperativity increased by glucose, fructose-1-
phosphate and GKA, reflecting disruption of the GK/GKRP complex. Similar
studies with GKRP-P446L showed significantly different results compared to
GKRP-WT, suggesting impairment of complex formation and nuclear storage.
The results of this TF based biophysical analysis of PPIs between GK and
GKRP suggest that hepatic glucose metabolism is regulated by a metabolite-
sensitive, drug-responsive cooperative molecular switch, involving complex
formation between these two allosterically regulated proteins.
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Probing Leucine Side Chain Dynamics in an Amphiphilic Peptide Copre-
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There are a number of peptides implicated in the templating of silica morphol-
ogies in biological organisms. Biomimetic precipitation studies, aimed at
performing the same types of controlled silica precipitation under ambient con-
ditions, have shown that short amphiphilic repeats of leucine and lysine are able
to precipitate a variety of interesting nanostructures of silica. Specifically of in-
terest here is LKa14: Ac-LKKLLKLLKKLLKL-C, a synthetic alpha-helical
peptide, which has been shown to form a nanospherical coprecipitate with
silica. Furthermore, this peptide is known to preaggregate into a tetrameric
bundle in solution, with the leucine residues facing inwards to form a hydro-
phobic core. If this structure persists in silica, the observed morphology could
be governed by interactions between the silica and hydrophilic lysine residues.
Previous NMR-based structural studies, confirm that the peptide maintains the
alpha helical secondary structure in silica, and suggests that the aggregation is
maintained. Our goal is to use deuterium solid state nuclear magnetic resonance
(2H ssNMR) to establish how the changes in this local environment alter the
leucine side chain dynamics of selectively deuterium labeled LKa14. Specif-
ically, we hope to determine if the tetrameric bundle persists, by tracking
how the dynamics change going from the neat state, to buffered state, and,
finally, to the silica precipitated form. Fitting dynamic models of rotameric
and librational motion to the deuterium solid state NMR lineshapes allows us
to probe possible mechanisms of peptide pre-aggregation and subsequent silica
precipitation.
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Aggrecan is a negatively-charged proteoglycan with a bottlebrush structure
present in the cartilage matrix. Its chief function is to maintain a self-
repelling charged atmosphere within the cartilage matrix that attracts waters
and exerts a swelling pressure (Chandran and Horkay, 2011). In this study
we use Atomic Force Spectroscopy and Dynamic Light Scattering in comple-
mentary ways to study the polyelectrolyte biophysics of the aggrecan bottle-
brush. We describe how the bottlebrush dynamics and interactions depart
from that of linear polyelectrolytes, and discuss the implications for cartilage
diseases and tissue-engineering solutions.
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Many macromolecular machines inside the cell exhibit a ‘‘stacked ring’’ archi-
tecture, with multiple uniform-length rings of protein subunits bound to one
another. The majority of these machines must adopt their fully assembled qua-
ternary structure in order to function, making the assembly process vital for
cellular function and survival. The assembly of protein complexes containing
stable substructures has been shown to suffer from a type of kinetic trapping
that we term ‘‘assembly deadlock,’’ which occurs when smaller intermediates
are exhausted from the system before all of the fully functional structures have
